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This research aims at analyzing the effect of laser cleaning on polychrome alabaster 
surfaces. As cleaning is an integral part in the conservation process, laser cleaning has 
been used with satisfying results in stone conservation to remove encrustation.  
Alongside to the aesthetically pleasing results, it is relevant to determine that laser 
cleaning does not have any adverse effects.  
 
Compared to the more traditional techniques, laser cleaning has many additional 
advantages: 
 The diameter of the laser beam can be regulated so that areas of different 
dimensions can be treated.  
 There is no physical contact between the object to be cleaned and the laser 
equipment. This aspect can be really relevant in treating fragile materials. 
 Laser can be a selective tool: it can be regulated to remove dirt, without affecting 
the original material underneath. 
 Lasers are effective in removing pollution encrustation from stone objects and 
have been used in conservation since the 1970s.  
 
Particularly the aim of this project is to determine whether laser cleaning is a suitable 
cleaning technique for materials like polychrome alabaster. For painted materials, laser 
cleaning can be an effective technique but it requires an in-depth study of the laser 
photochemical and photomechanical effects to avoid irreversible damage of the painted 
layers. If the outcome of this study is positive, laser cleaning can be added to the range of 
techniques used for cleaning polychrome artifacts, archaeological structures and historic 
buildings made of alabaster. 
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The purpose of this research is to analyze the effect of laser cleaning on polychrome 
alabaster (a rock form of calcium sulfate dihydrate or gypsum), to discover the best 
possible combination to clean soiling encrustation from this substrate. Since 1971, when 
Asmus first proposed pulsed lasers for cleaning encrustations, the effectiveness of the 





During the last few years, many laboratories have focused on using laser cleaning on 
polychromy and tested lasers to solve a variety of cleaning problems. The experiments 
have been carried out in order to test substrates (different kind of stones, plasters, 
ceramics, metals, woods, glasses, etc.), different soiling layers (black crusts, varnishes, 
biological patinas, particulates, painted graffiti, etc.), and various logistical problems, 




Different pigmented surfaces, both with natural or synthetic pigments, on which laser 
cleaning has already been tested, are as follows: painting layers on wood with linseed oil 
as a binder, textiles, colored glass, colored plasters, colored synthetic varnish layers, 
colored stones and colored gypsum stuccoes. In most of the aforementioned cases, the 
surfaces were located in interior spaces. Therefore, they were covered by a layer of 
soiling, whose presence could have been generated by particulate deposition or human 





The aim of this work is to investigate the use of laser technology on such polychrome 
surfaces, to observe the varied behavior of the pigments, the interactions between 
pigments and ground layer, and the effect of the laser on the substrate of alabaster. 
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The first step of this research is the analytical investigation materials before laser 
irradiation. This approach is hard to determine in field conditions, because surfaces do 
not show their original characteristics, but they are changed by different soiling and 
decay processes. 
 
The research plan is as follows:  
1. Surface characterization from a morphological, analytical and chromatic point of 
view; 
2. Exposure to artificial soiling (candle soot); 
3. Cleaning operations. 
  
In this research, the approach is to prepare specimens of different colored layers, 
dispersing pigments in various binding media; the specimens will be characterized 
analytically, morphologically and chromatically before and after laser irradiation, carried 
out using a Nd:YAG laser 1064nm at different fluences. The analysis after irradiation 
will demonstrate the different interactions between pigments dispersed in the variety of 
binding media and laser radiation, as well as analyzing the behavior of substrata (ground 
layer or alabaster). 
 
Furthermore, the final aim of this research is the individuation of the following thresholds 
for pigments and alabaster: 
 Non-harmful interaction; 
 Interaction with damage; 
 Interaction with loss of painting layers. 
 
Limitations 
In summary, in order to show the relevance of this process, this research will develop the 
following variables through experimentation: 
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1. Laser: Nd:YAG laser with a wavelength of 1064 nm, in both pulsed and continuous 
mode.  
2. The typology of paints considered will take into account the different paints and the 
binders, so that distinctive pigments will include white lead, yellow ochre, vermillion, 
red lead, terra verte, red ochre, oxide of chromium, red ochre, ultramarine, azurite and 
carbon black. Additionally pigments will be tempered with various media: oil (eg. 
walnut/linseed), water glue (eg. animal sizes), glue temperas (eg. size + egg), egg 
temperas (eg. egg yolk + water/egg yolk + albumen + water) and natural resin 
varnishes (eg. sandarac/mastic + colophony in linseed oil), spirit-varnish resins (eg. 
Venice turpentine) or synthetic resins. 
3. This study is limited to alabaster as the substrate. Alabaster is a name applied to two 
distinct rock forms: one comprising the mineral gypsum 
(a hydrous sulfate of calcium) and another comprising calcite (a carbonate of 
calcium). For the purposes of this research, gypsum alabaster will be analyzed 
Gypsum is the second softest mineral on the Mohs Hardness Scale and under some 
conditions, forms an evaporite rock called alabaster. 
The research will carry out an evaluation of these three variables to conclude which laser-
cleaning protocol is better suited to cleaning a particular paint on a specific substrate. 
  




Nowadays, lasers play an important role in the conservation of cultural heritage. During 
the last two decades, in order to investigate the practice and optimization of this 
innovative cleaning technique, considerable research has been carried out since lasers 
were been first introduced by Asmus in 1970s.  
 
The word "laser" is actually an acronym for Light Amplification by Stimulated Emission 
of Radiation, a technique that was developed in the mid-20th century. In 1917, Albert 
Einstein identified a phenomenon he called "stimulated emission of radiation", a concept 
which eventually led to the development of the laser. The appearance of the first 
operating laser dates back to 1959, when Theodore Maiman, an American physicist built 
the first example. After a decades of successful experiments in the early 1970s, thanks to 
the innovative work of John Asmus,
 4
 who was the first scientist to test the method and 
publish encouraging results, heritage conservation scientists and researchers started 
exploring this methodology and consider the development of a laser specifically designed 




By 1987, the Laboratoire des Recherches des Monuments Historiques in France joined 
forces with a manufacturer with the goal of developing a mobile laser unit to be used on 
heritage sites that would be able not only to clean stone effectively, but also would be 
cost efficient employed on scaffolding and in workshops.
6
  At the beginning, different 
types of lasers were tested to discover the right wavelength and what specific type of 
laser was the most suitable to work on stone. As a result, a type of laser and a specific 
wavelength were quickly selected as the most effective, reliable and least damaging to 
stone.
7
 In the meantime, heritage conservation scientists compared the results of laser 
cleaning of stone with those obtained using other methods, such as micro-sandblasting or 
the application of poultices.
8
 These experiments clearly confirmed that the performance 
of laser cleaning had several advantages over traditional and more invasive methods. 
                                                             
4
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5
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8
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Based on these encouraging results, in 1993 the first major restoration project of a 
UNESCO World Heritage site, the Amiens cathedral, adopted laser cleaning as the main 
cleaning technique.
9
 One year earlier in 1992 British physicists and conservators carried 




A European consortium bringing together laser manufacturers from different European 
countries (France, Italy, Germany and England) successfully initiated a project, which 
resulted in the manufacturing of several instruments, while researchers furthered the 
global understanding of phenomena and mechanisms involved in laser stone cleaning.
11
 
In these years, many prestigious sculpted portals of major cathedrals, palaces and other 
architectural monuments were cleaned using one or more types of lasers throughout 
Europe. Even though it has been used successfully in the European context, in the past, 
this technique has not been used to its full potential in America mainly due to historical 
and practical reasons, but presently, there is an increased use and interest in laser-




In 1995, the first international conference on the use of lasers in the conservation of art 
works was held in Heraklion, Crete, and immediately became known by its acronym 
LACONA (LAsers in the CONservation of Artworks). Since then, this event has been 
organized every other year in a different country giving an opportunity to the 





Through these meetings, scientists have start sharing their progress and analyses of the 
use of lasers on cultural heritage. One of the main results that came out from these 
proceedings was that once the parameters are set, the side effects analyzed and thresholds 
for optimum cleaning proposed, the laser can be applied on a wide range of materials 
(stone, glass, metals, paper, wood, etc.), which have been studied exhaustively. 
                                                             
9
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Additional during these years the application of the technique “on-site” has gained 
substantial experience. An important discovery and consequent consideration for the 
wide-scale use of lasers as cleaning tools is the possibility of damage to polychromy 




In the past, laser light at different wavelengths and fluencies was used to determine 
fluency-threshold values for pigment alteration, and to determine if artificial gypsum 
crusts can be ablated from paint layers without discoloring them. The first attempt to 
study the effect of laser radiation on pigments was presented by Sheckede at LACONA 1 
in 1995,
15
 after his trials in Loughborough. The object of Sheckede’s research was to 
motivate a more focused approach to the subject, developing a qualitative study more 
attentive to arouse new methodological questions, rather than identify the actual 
mechanisms that cause damage and changes to pigments.  He recorded the effects of 
three types of laser on fresco, tempera and oil-based painted surfaces coated artificially 
with limewash, wax and soot.
16
 Another project involving the restoration of the “Portail 
de la Mere Dieu” at Amiens Cathedral included trials on several pigments.17 During these 
experiments lead white, red lead and malachite proved sensitive to Nd:YAG laser 
radiation, while others, such as azurite or copper resinate, appeared laser-safe. Finally, for 
this study, methodological information was also taken from Rickerby’s research on heat 
alteration of the same pigments. 
18
 In this later research, plaster blocks painted by the 
fresco technique in yellow ochre, red ochre, vermillion, terra verte and ultramarine were 
subject to heat-alteration tests in an oxidizing atmosphere. This study gave helpful 
indications on the reaction of those particular pigments to extended heat conditions.
19
 
Principle of the Laser 
The term "laser" has been used to describe both the mechanism, that is the source used to 
create and emit this special kind of light, and to refer to the beam of radiation itself.  
As perfectly explained by Bromblet and Vieweger : 
                                                             
14
 Pouli and Emmony 2000: 181–188 
15
 Sheckede 1997: 23-25 
16
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17
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18
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19
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“Lasers are based on the principle of amplification of light through the 
stimulation of radiation or optical pumping. An incoming photon 
stimulates an excited ion to undergo a transition from the excited state 
(which is unstable) to the ground state, emitting a new photon, having the 
same wavelength as and in phase with the incoming photon (the dual 
nature of light as wave and particle) that will propagate in the same 
direction as the initial incident radiation. This reaction will excite other 
ions and so on, until these stimulated emissions generate a coherent light 
of high energy.” 20 
 
Each laser is characterized by a specific wavelength, so laser device used to clean 
sculptures emits in the near infrared spectrum, beyond that of visible light, at a 
wavelength of 1064 nanometers. Lasers employed for different applications can emit in 
the ultraviolet range or in the visible spectrum.
21
 
Alabaster and Pigments 
Alabaster monuments pose some of the most difficult challenges, as the conservator 
needs to have a clear understanding of the material structure, consolidation and cleaning 
methods, but additionally they need experience in the treatment of polychromies. 
Alabaster’s lack of porosity provides an ideal surface to apply pigments mixed with 
various media. In Europe, starting in the Middle Ages until the 18
th
 century, sculptors 






 and the first half of the 20
th
 century, this tradition was often 
misunderstood by conservators and art historians, whose attitude led to a 
misrepresentation of sculpture as a monochromatic art. As a consequence, these 
monuments were scoured or plastered with garish paint by restorers, who justified their 
action stating that the original painting was crude and low quality. 
 
                                                             
20
 Bromblet and Vieweger 2005: 86-94 
21
 Bromblet and Vieweger 2005: 86-94 
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As Larson pointed out in his studies,
23
 the original paint was never crude, and often the 
painting applied by the restorers was significantly inferior to the original. Medieval 
craftsman produced the most wonderful colorings on alabaster surfaces well aware of the 
translucency effect of the material would give to the pigments. This liveliness of color is 
the main reason why often there is no ground layer on alabaster monuments as the artists 
preferred to paint directly on alabaster often using semi-transparent glazes. 
Even in later periods, craftsman kept a high standard of painting technique on alabaster 
mainly because color was never merely decorative, but has always been employed to 
enhance or even explain the sculpture. For these reasons it is essential to try to discover 




This latter operation can become quite challenging, as alabaster, unlike marble or 
limestone, reacts in a different way in closed environments (e.g. churches, palaces etc.). 
Alabaster is a soft material that is somewhat soluble in water and has little mechanical 
strength; on the other hand, it erodes quite slowly due to it high density (e.g. higher than 
marble), which makes it less susceptible to moisture or rising damp, but more likely to 




Soluble salts usually deteriorate monuments, eating away the edges rather than corroding 
the body. The consequences of this deterioration are typically surface granular 
disintegration, spalling and efflorescence. In unfavorable conditions, dampness can affect 





A significant amount of surface damage is usually mainly due to incorrect maintenance. 
Alabaster can be easily soiled and caretakers’ easy solution is to try to wash the dirt away 
with soap and water. This has been the main reason for the loss of form and color on 
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alabaster monuments, as the water preying on the solubility of alabaster damages the 
material, as well as the pigment applied on top of it. 
 
In the past, the solvent frequently employed to remove dirt on polychrome alabaster was 
white spirit. This technique was considered quite safe, even though the eroded alabaster 
could turn gray from its application and the red color be corrupted. Another solution 
suggested by Larson was a mixture of de-ionized water, white spirit and Lissapol, as well 
as poultice or various chemical solvents that could be employed to remove the soiling 




All the techniques used in the past often caused the loss of the pigments, as well as 
creating a greyish effect on alabaster. Consequentially, studying the progress in laser 
cleaning on stone, such as marble, would be interesting research for trying to employ this 
technique to obtain a more efficient way to clean polychrome alabaster. 
 
A comprehensive analysis conducted on the pigmentation of alabaster by Porter showed 
that in medieval alabaster monuments a variety of methods and techniques have been 
employed.
28
 This aspect is particularly relevant for this research, as the laboratory 
samples aim at reproducing the original pigments and techniques used during medieval 
times to test the efficiency of laser cleaning of these monuments. 
 
Medieval pigments recorded include white lead, yellow ochre, yellow massicot, 
vermillion, red lead, terre verte, green copper resinate (verdigris), malachite, azurite and 
carbon black. Extended material for ground could include gypsum, chalk, silica and 
aluminum hydroxide, although white lead appears to provide the main bulging agent on 
alabaster, whereas extensive gilding used mainly gold leaf. Pigments were tempered 
variously with oil (e.g. walnut/linseed), water glue (e.g. animal sizes), glue tempera (e.g. 
size + egg), egg tempera (e.g. egg yolk + water/egg yolk + albumen + water), and natural 
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A medieval paint layer can be recognized by its purity; mixtures of pigments were kept to 
a minimum except where grounds were used to give a depth of color or a particular hue 
to a surface color and to provide a seat for gilding. Alabaster provided an excellent 
smooth and non-absorbent surface for paint and pure pigment with good covering power 
were often laid straight onto the surface (e.g. Vermilion). The choice of a binding 
medium for a pigment will vary both in its capacity to hold the pigment grains in place 
and its effect on their appearance and color.  For instance, an oil medium could be used to 
enhance transparency and grains of a pigment, such as vermillion, would be scattered in it 









centuries to preserve the appearance of the monument. These layers may be roughly 
dated if the pigments used were a synthetically-precipitated pigment produced by 
chemical process developed from the 18
th
 century onwards, like chromium oxide green 
called Viridian (1862). On the other hand, when pigments used in the Middle Ages are 





Considering these premises for this research, the colors chosen, with the exclusion of 
chromium oxide green, were all colors used in the Middle Ages. This color has been 
added to our list due to its ample use by Victorians in retouching original greens. When 
original pigments discolored, restorers tend to retouch with mixtures similar to the color, 
often totally disguising the nature of the original layer. For this reason, most layers of 
green (terra verte, verdigris or malachite) have been completely replaced by layers of 
chromium oxide green. 
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Part 1: Experimental Methods 
Sample Preparation 
Towards a realistic simulation of the actual situation, some of the most commonly used 
medieval pigments in linseed oil and egg tempera were applied on alabaster samples. To 
simulate the black crust, simple candle soot was used. There is always a risk that the 
candle flame can cause heat alteration to the pigments when applying the soot, so other 
possible methods were investigated (e.g. application of finely-ground black carbon 




The pigments tested are white lead, yellow ochre, vermillion, red lead, terra verte, green 
copper resinate, malachite, red ochre, ultramarine, azurite and carbon black. All these 
pigments were applied on alabaster with and without a white chalk ground layer. The 
binders were the following: oil (eg. linseed) and egg temperas (eg. egg yolk + water/egg 
yolk + albumen +water). It was decided to investigate the possible changes to both the 
pigments in an oil-based media, as well as egg tempera.  
 
Additionally, another parameter was introduced: the ground layer (Fig.1). In medieval 
times, pigments were used often directly on alabaster, but another 50% of the time artists 
preferred to have a preliminary ground layer on which to paint. The preferred ground 
layer was a white ground layer made of rabbit skin glue and Parisian chalk. 
Forty samples were divided for analysis as follows using ten different pigments. 
1. 10 samples with ground layer and oil paint 
2. 10 samples with ground layer and egg tempera 
3. 10 samples without ground layer and oil pain 
4. 10 samples without ground layer and egg tempera 
                                                             
32
 Pouli and Emmony :181-188 




Preparation of the White Ground Layer 
The ground is the layer applied onto the support to prepare it to receive paint. In this 
experiment traditional techniques were adopted to create a white-chalk ground mixed 






Preparing Glue Size: 
 Soak one measure (by volume) of glue to 12 measures of cold water. 
 Allow glue to soak preferably for 8 hours. 
 Heat glue mixture in a double-boiler bath. 
 Apply glue while warm with a flat brush. 
Ingredients for the Chalk Grounds:  
 3 parts of glue size (by volume) 
 1 part chalk (Champagne Chalk) 
Direction to create the White-Chalk Grounds: 
34
 
 Measure out the glue size solution into a metal container. 
 Add the dry ingredients. 
 Stir well, trying to prevent air bubbles. 
 Place container in a double-boiler bath. 
 Apply warm mixture with a broad brush. 
 Allow layer to dry to the touch and recoat. 
This white-ground layer was applied to 20 alabaster samples. 
 
Preparation of Oil Paint 
Direction for the preparation of Oil Paint (Fig.2): 
35
 
 Pre-disperse the dry pigment.  
 Make a well in the center of the pigment and pour a small quantity of oil into the 
well.  
 Proceed to mix with a spatula.  
                                                             
33
 http://www.sinopia.com/traditionalgessochalkground.aspx accessed on 02/25/2012. 
34
 http://www.sinopia.com/traditionalgessochalkground.aspx accessed on 02/25/2012 
35
 http://www.paintmaking.com/grinding_oils.htm accessed on 02/25/2012 
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 Add oil a little at a time. The mixture may have a crumbly look and be stiff and 
difficult to mix. 
 Start to grind with the mill and grind in a circular motion gradually spreading the 
grind across the entire surface of the slab or at least until it is in a thin layer.  
 Once the paint is ready apply to the sample.36 
 
The oil paint in the ten different selected colors was applied to ten alabaster samples 
without ground layer and ten alabaster samples with white-ground layer (Fig. 3). 
 
Preparation of Egg Tempera 
Direction for the preparation of Egg Tempera: 
37
 
 To prepare the binder, the egg must be fresh.  Use the yolk only, without any 
white in it. When the yolk is separated, gently dry it taking care not to break it yet. 
During the Renaissance, artists like Cennini would have dried it by passing it 
from one hand to the other, wiping each hand in turn on his apron.  
 Transfer the yolk to the flat of the palm when it is dry, being ready to extract the 
contents. Use the thumb and index finger to lift and hold the yolk sack over a 
clean glass. Puncture the skin at the bottom of the yolk with sharp knife, avoiding 
any skin fragments getting into the glass. Discard the yolk sac.
38
 
 Care in obtaining the cleanest and purest yolk in this way will make better paints 
and avoid trouble with the paint film further down the line. The separated yolk is 
now ready for use in paint making, although it is common to mix a little distilled 
water into the yolk (Fig. 4). 
 The pigment should be pre-dispersed (grind).  
 Pigments will require approximately equal proportions of pigment to yolk. 
 Mix with a spatula and apply to the samples.39 
 
                                                             
36
 http://www.sinopia.com/how-to-make-oil-paint.aspx accessed on 03/31/2012. 
37
 http://www.paintmaking.com/grinding_egg_tempera.htm accessed on 03/31/2012. 
38
 http://www.paintmaking.com/grinding_egg_tempera.htm accessed on 03/31/2012. 
39
 http://www.paintmaking.com/grinding_egg_tempera.htm accessed on 03/31/2012. 
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The egg tempera in the ten different selected colors has been applied to ten alabaster 
samples without ground layer and ten alabaster samples with white-ground layer (Fig. 5). 
 
Pigments 
The pigments used in this experiment are the ones known and used in Europe during the 
14th-15th century on alabaster (Fig. 6) 




Table 1: List of pigments used with chemical compositions 
Name Chemical Composition  Color Period of use 
Lead White 2Pb(CO3)2·Pb(OH)2   White From antiquity until the 19th century 
Yellow Ochre FeO(OH) Yellow (earth tones from 
cream to brown) 
From antiquity until the 20th century 
Vermillion HgS Red From antiquity 
Red Lead Pb3O4 Red  From antiquity 
Red Ochre Fe2O3 Red From prehistory until the 20th century 
Viridian Cr2O3 Green From the 19th century 
Terra Verte K[(Al,FeIII),(FeII,Mg)](AlSi3,
Si4)O10(OH)2 
Green From antiquity 
Azurite 2 CuCO3 · Cu(OH)3 Blue From antiquity to the 17th century 
Ultramarine Na8A16Si6O24S4 Blue From antiquity 
Carbon black C Black From antiquity 





Nd: YAG is the one of the usual laser system for stone-cleaning applications. Nd:YAG is 
an acronym for neodymium-doped: yttrium aluminium garnet (Nd: Y3Al5O12), and 
emits typically on the near infrared region (NIR) at λ = 1064 nm (ω).40 More recently, 
this type of laser has been developed to emit radiation at λ = 532 nm (2ω), λ = 355 nm 
(3ω), λ = 266 nm (4ω), and λ = 213 nm (5ω): all multiples of the fundamental 
wavelength. In this research, the wavelength used was at λ = 1064 nm. 41 The infrared 
radiation tends to induce photo-thermal effects, which are responsible of breaking bonds 
of inorganic materials.
42
 The laser intensity irradiated on the sample surface can be 
adjusted through changing the distance between the sample and the focusing lens. 
Although it is less efficient with organic materials, because its energy is insufficient to 
break the covalent bonds, this type of laser can lead to excellent results on the cleaning of 
painted artworks.
43




For a cleaning laser with a wavelength of 1064 nm, the following average conditions 
were considered: 
 energy of a single pulse E = 300 mJ /cm2 and 500 mJ/cm2 
 pulse duration T = 30 nanoseconds (10 x 10-9 seconds)  
 firing frequency y = 5-10 hertz    
 
The pulse energy is then distributed over a larger area and the energy density (fluence) 
decreases. With more powerful machines, the beam diameter may be as large as 15 or 20 
mm, meaning that surfaces may be cleaned much more quickly, but for the laboratory 
machine, it is a fixed beam of 0.2 mm. To increase the surface area to clean, multiple 
pulses slightly overlapping each other need to be shot, as the beam is moving in a 
boustrophedon movement. The measure of pulses overlapping was calculated following 
                                                             
40
 Bordalo et alia 2006: 3-4 
41
 Hildenhagen and Dickman 2003: 297-301 
42
 Bordalo et alia 2006: 3-4 
43
 Pouli et alia 2001: 252-262 
44
 Chappé, Hildenhagen, Dickmann and Bredol 2003: 264-270 
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the Gaussian curve (Fig. 7).
45
 
Part 2: Analysis and Results 
Experiments using Nd:YAG laser-cleaning tests were executed initially on the prepared 





 century. The aim is to study the response of the paint layers’ behavior and any 
color changes in laboratory models of each technique, when exposed to increased laser 
energy, and determine the maximum acceptable threshold, as well as eventual changes. 
Experiments in the Laboratory 
We decided to run a series of pre-tests to set parameters number of pulses per seconds. 
The laser pre-tests were performed on six simulated polychrome-alabaster samples (Fig. 
9). After setting the parameters, the laser cleaning on all the 40 specimens was 
performed. 
The laser was working in a Q- witched mode at 5 – 10 Hz. The duration of every pulse 
was 30 ns, the fluence was 300 and 500 mJ/cm
2
 and the number of pulses was 20. The 
surface of the area cleaned was of 2mm by 2mm. During these tests to simulate the black 
crust, simple candle soot was applied on top of the samples (Fig. 8). 
Analysis of the Results 
To detect and measure small color differences is always a difficult problem as various 
factors, such as the lighting conditions, surface reflectivity, as well as the technology of 
the recording and measuring systems can play an important role in the analysis. In this 
preliminary research, optical microscopy was used to observe the painted-specimen 
surfaces and their modification after the laser pulses. 
 
Results and Discussion 
The laser irradiation caused the surface of all of the pigments to acquire black colors or 
be completely damaged, with the only exception being vermilion and chromium oxide. 
An additional problem to consider is that, especially during exposure to candle soot, 
eventual modifications in one or more physical-chemical features could be ascribed to 
                                                             
45
 Sansonetti and Realini 2000: 189-198 
Marta Lorenzon Laser Cleaning of Polychrome Alabaster HP Certificate 
 
 22 
decay phenomena, rather than following the cleaning action. 
 
Analyzing the results, an interesting observation is that the discoloration of white lead  
(oil medium without ground layer) is temporary and after a certain time the grayish marks 
caused by the laser irradiation disappear. During the pre-tests, alabaster samples painted 
with a) vermilion, b) white lead, and c) chromium oxide (in linseed oil) were irradiated 




showing a positive 
result to the treatment (Appendix 1). One week after the laser irradiation, the gray-black 
marks on the surface of the white lead disappeared, the only change being a rougher 
surface (visible under the microscope). 
 
In the same experimental conditions, the other samples were tested at a weak distance. 
The other pigments displayed a different reaction, clearly showing that the right 
wavelength for the three colors tested previously (white lead, vermilion, chromium 
oxide) was not appropriate for the others colors. The other samples were damaged and 
the laser treatment caused blackening and color removal.  
 
In the tables below, the results have been summarized and visual images of the 
discoloration can be seen in the Appendices 2 through 5. As the aim of this work 
was to investigate the use of laser technology on polychrome alabaster, it appeared that 
the results obtained showed: 






2. Interaction with damage when irradiated at 500 mJ/cm2 for vermilion, chromium 
oxide; 
3. Non-harmful interaction when irradiated at 300 mJ/cm2 for vermilion, chromium 
oxide; 
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Table 2: Results of the samples with pigments mixed in Linseed oil and without ground layer (Images in Appendix 2) 
Name Chemical Composition  Color Results Results 2 
   300 mJ/cm2 500 mJ/cm2 
Lead White 2Pb(CO3)2·Pb(OH)2 White Slight Yellowing Slight Yellowing 
Yellow Ochre FeO(OH) Yellow  Blackening and color removal Blackening and color removal 
Vermilion HgS Red Perfect cleaning of the candle soot Perfect cleaning of the candle soot 
Red Lead Pb3O4  Red Blackening and color removal Blackening and color removal 
Red Ochre Fe2O3 Red Blackening and color removal Blackening and color removal 
Viridian Cr2O3 Green Perfect cleaning of the candle soot Perfect cleaning of the candle soot 
Terra Verte K[(Al,FeIII),(FeII,Mg)](AlSi3,Si4)O10(OH)2 Green Blackening and color removal Blackening and color removal 
Azurite 2 CuCO3 · Cu(OH)2 Blue Blackening and color removal Blackening and color removal 
Ultramarine Na8 Al6Si6O24S4  Blue Blackening and color removal Blackening and color removal 
Carbon black C Black Color removal Color removal 
 
Table 3: Results of the samples with pigments mixed in and with ground layer (Images in Appendix 3) 
Name Chemical Composition  Color Results Results 2 
   300 mJ/cm2 500 mJ/cm2 
Lead White 2Pb(CO3)2·Pb(OH)2 White Blackening and color removal Blackening and color removal 
Yellow Ochre FeO(OH) Yellow  Blackening and color removal Blackening and color removal 
Vermilion HgS Red Perfect cleaning of the candle soot Perfect cleaning of the candle soot 
Red Lead Pb3O4  Red Blackening and color removal Blackening and color removal 
Red Ochre Fe2O3 Red Blackening and color removal Blackening and color removal 
Viridian Cr2O3 Green Perfect cleaning of the candle soot Blackening and color removal 
Terra Verte K[(Al,FeIII),(FeII,Mg)](AlSi3,Si4)O10(OH)2 Green Blackening and color removal Blackening and color removal 
Azurite 2 CuCO3 · Cu(OH)2 Blue Blackening and color removal Blackening and color removal 
Ultramarine Na8 Al6Si6O24S4  Blue Blackening and color removal Blackening and color removal 
Carbon black C Black Blackening and color removal Blackening and color removal 
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Table 4: Results of the samples with egg tempera pigment and without ground layer (Images in Appendix 4) 
Name Chemical Composition  Color Results Results 2 
   300 mJ/cm2 500 mJ/cm2 
Lead White 2Pb(CO3)2·Pb(OH)2 White Color removal Color removal 
Yellow Ochre FeO(OH) Yellow  Color removal Color removal 
Vermilion HgS Red Perfect cleaning of the candle soot Color removal 
Red Lead Pb3O4  Red Perfect cleaning of the candle soot Color removal 
Red Ochre Fe2O3 Red Color removal Color removal 
Viridian Cr2O3 Green Cleaning of the soot Color removal 
Terra Verte K[(Al,FeIII),(FeII,Mg)](AlSi3,Si4)O10(OH)2 Green Color removal Color removal 
Azurite 2 CuCO3 · Cu(OH)2 Blue Color removal Color removal 
Ultramarine Na8 Al6Si6O24S4  Blue Color removal Color removal 
Carbon black C Black Color removal Color removal 
 
Table 5: Results of the samples with egg tempera pigment and with ground layer (Images in Appendix 5) 
Name Chemical Composition  Color Results Results 2 
   300 mJ/cm2 500 mJ/cm2 
Lead White 2Pb(CO3)2·Pb(OH)2 White Blackening and color removal Blackening and color removal 
Yellow Ochre FeO(OH) Yellow  Blackening and color removal Blackening and color removal 
Vermilion HgS Red Cleaning of the soot Color removal 
Red Lead Pb3O4  Red Blackening and color removal Blackening and color removal 
Red Ochre Fe2O3 Red Blackening and color removal Blackening and color removal 
Viridian Cr2O3 Green Cleaning of the soot Color removal 
Terra Verte K[(Al,FeIII),(FeII,Mg)](AlSi3,Si4)O10(OH)2 Green Blackening and color removal Blackening and color removal 
Azurite 2 CuCO3 · Cu(OH)2 Blue Blackening and color removal Blackening and color removal 
Ultramarine Na8 Al6Si6O24S4  Blue Blackening and color removal Blackening and color removal 
Carbon black C Black Color removal Color removal 




All the pigments studied, with the exception of vermilion (which proved laser-safe), 
suffered blackening and deterioration when irradiated by the laser. Vermilion and 
chromium oxide were cleaned if irradiated at 300 mJ/cm
2
 with Nd:YAG laser 1064nm, 
while all the other pigments were severely and permanently blackened, with the 
exception of white lead (oil medium and without ground layer) that was temporarily 
darkened. Finally, the pigments were darkened and damaged to different degrees, but still 





To summarize, the following results were obtained: 
1. A temporary blackening of the white lead (oil + no ground layer) when irradiated at 
300 mJ/cm
2 
for vermilion, chromium oxide; 
2. Non-harmful interaction when irradiated at 300 mJ/cm2 for vermilion, chromium 
oxide; 
3. Interaction with damage when irradiated at 500 mJ/cm2 for vermilion, chromium 
oxide; 
4. Interaction with damage in all the samples with ground layer; 




6. No damage of the laser on alabaster. 
 
Future research should concentrate on the understanding of the phenomena caused by the 
laser irradiation of medieval pigments on alabaster, and in particular, the mechanism of 
the positive outcome of the vermilion and chromium oxide pigments. Positive 
identification of the laser wavelength, and investigation of techniques and conditions to 
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Appendix 1: Pre-tests: the effect of Nd:YAG radiation on a) white lead; b) vermilion and c) chromium oxide;  
Sample in Linseed Oil and without Ground Layer 
Name Chemical Composition Color fluence 0.3 J/cm2 fluence 0.5 J/cm2 
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Sample in Linseed oil and with ground layer 
Name 
Chemical 
Composition Color fluence 0.3 J/cm2 fluence 0.5 J/cm2 
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Name Pigments in Linseed oil and without Ground Layer 
 






















































































































Name Pigments in Linseed oil and with Ground Layer 
 














































   
 















Due to the damage threshold achieved at 300 mJ/cm
2
 the egg tempera samples were 
tested only at this fluence (except white lead and vermilion). 
Name Pigments in Egg Tempera and without Ground Layer 
 
















































































Name Pigments in Egg Tempera and with Ground Layer 
 
300 mJ/cm2 500 mJ/cm2 
Lead White 
    



































   
 





Fig.1 Alabaster samples with and without ground layer 
 
Fig. 2 Oil Paint Preparation 




Fig. 3 Samples painted with pigments mixed with Linseed oil 
 
 
Fig.4 Egg Tempera Preparation 






Fig. 5 Samples painted with egg tempera 
 
Fig. 6 Pigments used in this experiment 
 













Fig.8 Pre-Tests Sample where candle soot have been applied 
 
Fig.9 Samples treated with the Nd:YAG laser 1064nm 
